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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

[Claim(s)] 

[Claim l] The gate electrode formed through the insulator layer on the semi-conductor 
substrate The low concentration source drain formed in the front face of said 
semi-conductor substrate which adjoins the both sides of said gate electrode The high 
concentration source drain formed in the outside of said low concentration source drain 
on both sides of said gate electrode It is a wrap oxide film about said flank [ of said gate 
electrode ], and low concentration source drain top. The nitride formed on said oxide 
film It is the semiconductor device equipped with the above, and said oxide film is 
characterized by thickness consisting of thermal oxidation film (6nm or more and 20nm 
or less). 

[Claim 2] The gate electrode formed through the insulator layer on the semi-conductor 
substrate The low concentration source drain formed in the front face of said 
semi-conductor substrate which adjoins the both sides of said gate electrode The high 
concentration source drain formed in the outside of said low concentration source drain 
on both sides of said gate electrode It is a wrap oxide film about said flank [ of said gate 
electrode ], and low concentration source drain top. The nitride formed on said oxide 
film It is the semiconductor device equipped with the above, and said oxide film is 
characterized by thickness consisting of a cascade screen of the thermal oxidation film 
(6nm or more and 20nm or less) and the CVD oxide film formed on this thermal 
oxidation film in contact with the flank and said low concentration source drain of said 
gate electrode. 

[Claim 3] The thickness of a CVD oxide film is a semiconductor device according to 
claim 2 characterized by being 20nm - lOOnm. 

[Claim 4] The semiconductor device according to claim 1, 2, or 3 characterized by using 
a nitride as a side wall spacer. 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the semiconductor device used for a 

semiconductor integrated circuit. 

[0002] 

[Description of the Prior Art] In recent years, in the semiconductor device which aims at 
high integration and high performance -ization, a nitride and polish recon have come to 
be used as a sidewall spacer ingredient. Drawing 4 is the sectional view of the 
conventional semiconductor device indicated by JP,62-81762,A and JP,63-224363,A. In 
drawing 4 , the impurity diffused layer from which 1 becomes a semi-conductor 
substrate and the impurity diffused layer from which in a gate electrode and 4 an oxide 
film and 5 become a nitride and 6 becomes [ 2 / an insulator layer and 3 ] a low 
concentration source drain, and 7 becomes the high concentration source, and 8 are the 
impurity diffused layers used as a high concentration drain. 

[0003] The gate electrode 3 is arranged on the semi-conductor substrate 1 through the 
insulator layer 2. The oxide film 4 has covered the flank [ of the gate electrode 3 ], and 
impurity diffused layer 6 top. An oxide film 4 is for insulating the gate electrode 3 
electrically or buffering stress with a nitride 5, the gate electrode 3, and an impurity 
diffused layer 6, and is formed with the oxidizing [ thermally ] method or a CVD method. 
The thickness of an oxide film 4 is about 20 -30nm. A nitride 5 is a sidewall spacer and is 
arranged on the flank of the gate electrode 3, and the impurity diffused layer 6 through 
the oxide film 4. A nitride 5 is used for the mask which bars the ion implantation to an 
impurity diffused layer 6, when forming the impurity diffused layers 7 and 8 used as the 
high concentration source and a drain.- Although the CVD oxide film etc. was used 
before, the nitride 5 is usedjhere for the formation of high drive capacity by gate fringe 
effect, the ease of the Salicide formation, the ease of removal of the unnecessary oxide 
film 4 by wet etching, etc. 

[0004] Drawing 5 is the sectional view of other conventional semiconductor devices. In 
drawing 5 , 9 is a nitride, 10 is polish recon, and the same sign is attached about the 
same part as other drawing 4 . In drawing 5 , the semi-conductor substrate 1, the 
insulator layer 2, the gate electrode 3, and the oxide film 4 are arranged like drawing 4 . 
The nitride 9 has covered the flank [ of the gate electrode 3 ], and impurity diffused 
layer 6 top as well as the oxide film 4. The polish recon 10 is a sidewall spacer and is 
arranged on the flank of the gate electrode 3, and the impurity diffused layer 6 through 
the oxide film 4 and the nitride 9. The polish recon 10 is used as a sidewall spacer, 



because formation of a sidewall spacer detailed in addition to effectiveness, such as 
formation of high drive capacity by gate fringe effect, the ease of the Salicide formation, 
and the ease of removal of the unnecessary oxide film 4 by wet etching, is easy. A nitride 
9 uses the polish recon 10 for the terminal point detection film when carrying out 
reactive ion etching. An oxide film 4 is for insulating the gate electrode 3 electrically or 
buffering stress with a nitride 9, the gate electrode 3, and an impurity diffused layer 6, 
and is formed with the oxidizing [ thermally ] method or a CVD method. 
[0005] The common feature of drawing 4 and drawing 5 is a point that the cascade 
screen of an oxide film 4 and a nitride 5 (or 9) is arranged on the flank of the gate 
electrode 3, and the impurity diffused layer 6. Drawing 6 International electron debye 
sheath meeting technical digest 1988 year 234 Page -237 Page Author TOMOHISA 
Mizuno "silicon nitride / silicon oxide Spacer in JUSUTO high laelia kinky thread tee 
Inn ■ El Didier MUOESUEFUITI- and - ITTSU simple degradation model" (T.) [ Mizuno 
et al."Si3 N4/Si02 Spacer Induced High Reliability ] in LDDMOSFET and Its 
SimpleDegradation Modle", International Electron Devices Are indicated by Meeting, 
p.234-237, and 1988. It is drawing showing the property fluctuation by the hot carrier. 
[0006] Although early property fluctuation is large when the thickness of an oxide film 4 
is thin like 2.5nm as shown in drawing 6 , property rate of change is small. On the 
contrary, although early property fluctuation is small when the thickness of an oxide 
film 4 is thick like 2 5nm, property rate of change is large. Namely, depending on the 
thickness of an oxide film 4, as for the situation of property fluctuation, it turns out that 
the optimal range exists in the thickness of an oxide film 4. 
[0007] : 

[Problem(s) to be Solved by the Invention] In the above-mentioned conventional 
semiconductor device, in the cascade screen which consists of an oxide film 4 and a 
nitride 5 (or 9) on the flank of the gate electrode 3, and an impurity diffused layer 6, 
when the thickness of an oxide film 4 is thin, the early property fluctuation resulting 
from the hot carrier generated in high electric field or ultraviolet rays becomes large, 
and when the thickness of an oxide film 4 is thick, on the other hand, the technical 
problem that property rate of change becomes large occurs. ■ 

[0008] This invention solves the above-mentioned conventional technical problem, and 
aims at offering the semiconductor device which can control the property fluctuation 
resulting from the hot carrier generated in high electric field or ultraviolet rays. 
[0009] 

[Means for Solving the Problem] The gate electrode which formed the semiconductor 
device according to claim 1 through the insulator layer on the semi-conductor substrate, 



The low concentration source drain formed in the front face of the semi-conductor 
substrate which adjoins the both, sides of a gate electrode, The high concentration 
source drain formed in the outside of a low concentration source drain on both sides of 
the gate electrode, It is the semiconductor device equipped with the nitride in which the 
flank [ of a gate electrode ] and low concentration source drain top was formed on the 
wrap oxide film and the oxide film, and an oxide film is characterized by thickness 
consisting of thermal oxidation film (6nm or more and 20nm or less). 
[0010] The gate electrode which formed the semiconductor device according to claim. 2 
through the insulator layer on the semi-conductor substrate, The low concentration 
source drain formed in the front face of the semi-conductor substrate which adjoins the 
both sides of a gate electrode, The high concentration source drain formed in the outside 
of a low concentration source drain on both sides of the gate electrode, It is the 
semiconductor device equipped with the nitride in which the flank [ of a gate electrode ] 
and low concentration source drain top was formed on the wrap oxide film and the oxide 
film. An oxide film In contact with the flank and low concentration source drain of a 
gate electrode, thickness is characterized by consisting of a cascade screen of the 
thermal oxidation film (6nm or more and 20nm or less) and the CVD oxide film formed 
on this thermal oxidation film. 

[0011] A semiconductor device according to claim 3 is characterized by the thickness of a 
CVD oxide film being 20nm - lOOnm in a semiconductor device according to claim 2. A 
semiconductor device according to claim 4 is characterized by using a nitride as a 
sidewall spacer in a semiconductor device according to claim 1, 2, or 3.- 
[0012] ' 

[Function] According to the configuration of this invention, it controls preventing the 
hot carrier which generated the flank [ of a gate electrode ] and low concentration source 
drain top in high electric field or ultraviolet rays when thickness used the wrap oxide 
film as the thermal oxidation film (6nm or more and 20nm or less) passing an oxide film, 
and setting it as the border of an oxide film and a nitride for a trap, and property 
fluctuation can be made small. 

[0013] The flank and low concentration source drain of a gate electrode are touched [ top 
/ flank / of a gate electrode /, and low concentration source drain ] in a wrap oxide film. 
Thickness Moreover, the thermal oxidation film (6nm or more and 20nm or less), By 
having considered as the cascade screen with the CVD oxide film formed on this 
thermal oxidation film, it controls preventing the hot carrier generated in high electric 
field or ultraviolet rays passing an oxide film, and setting it as the border of an oxide 
film and a nitride for a trap, and property fluctuation can be made smaller. 



[0014] 

[Example] Hereafter, the example of this invention is explained, referring to a drawing. 
Drawing 1 is the sectional view of the semiconductor device in one example of this 
invention. In drawing 1 , the impurity diffused layer from which the semi-conductor 
substrate of p mold, the impurity diffused layer from which in an insulator layer and 23 
a nitride and 26a become an oxide film as for a gate electrode and 24, and 25 becomes 
[ 22 ] the low concentration source of n mold, and 26b become the low concentration 
drain of n mold in 21, the impurity diffused layer from which 27 becomes the high 
concentration source of n mold, and 28 are the impurity diffused layers used as the high 
concentration drain of n mold. ( 
[0015] The semi-conductor substrate 21 is p mold (100-10-15-ohmcm) semi-conductor. 
The gate electrode 23 consists of a polycide and is arranged on the semi-conductor 
substrate 21 through the insulator layer 22. The die length (gate length) of the gate 
electrode 23 is about 0.2 micrometers. The oxide film 24 has covered flank [ of the gate 
electrode 23 ] and impurity diffused layer 26a, and 26b top. A nitride 25 is a sidewall 
spacer, it is arranged through an oxide film 24 on the flank of the gate electrode 23, and 
impurity diffused layers 26a and 26b, and die length is about 0.1 micrometers. A nitride 
25 forms the nitride of about 0.1 micrometers of thickness by anisotropy dry etching, 
after growing all over semi-conductor substrate 21. 

[0016] The description of this semiconductor device is having used the oxide film 24 as 
6nm or more of thickness, and the thermal oxidation film 20nm or less, and this thermal 
oxidation film is formed by thermal oxidation of about 850 degrees C. The property is 
explained about the semiconductor device constituted as mentioned above. If 
detailed-ization progresses, the field strength in the semi-conductor substrate 21 will 
become strong, and it will become easy to generate a hot electron. Moreover, a hot 
electron is generated by the ultraviolet rays generated during PUROZUMA processing. 
These hot electrons carry out a trap to the interface of an oxide film 24 and a nitride 25, 
and cause property fluctuation of a semiconductor device. 

[0017] In order to investigate the property fluctuation by the hot electron, ultraviolet 
rays were irradiated at the semiconductor device into which the thickness of an oxide 
film 24 was changed. The result is shown in drawing 2 . Here, for the wavelength 
lambda of ultraviolet rays, 6 mW/cm2 (wafer front face) and the irradiation time of 
253. 7nm and an exposure phi are for 15 minutes at a room temperature. As shown in 
drawing 2 , when the thickness of an oxide film 24 was 6nm or less, it turned out that 
the property of a semiconductor device is changed notably. This is for the excited hot 
electron to run through the thin oxide film 24, and to carry out a trap to a nitride 25. On 



the contrary, when the thickness of an oxide film 24 was 6nm or more, it turned out that 
the property of a semiconductor device is hardly changed. This is for the excited hot 
electron to be unable to run through the thick oxide film 24, and not to carry out a trap 
to a nitride 25. Moreover, the thickness of 6nm is about 2 times of the thickness to which ... 
tunnel current begins to flow, and it turned out that it is the criticalitythickness for 
securing the stability of the property of the semiconductor device which attains to a long 
period of time. In addition, although the hot electron was generated by UV irradiation 
this time, also in the case of the hot electron by high electric field, the above-mentioned 
contents are applied. 

[0018] Furthermore, if thickness of an oxide film 24 is thickened, a threshold electrical 
potential difference and the property of a semiconductor device called contact resistance 
will deteriorate for prolonged heat treatment. If the thickness of an oxide film 24 is 
20nm or less when forming an oxide film 24 by the thermal oxidation film, trouble will 
not be produced with the semiconductor device used for a high integration circuit, either. 
According to this example, the property fluctuation resulting from the hot carrier which 
generated the oxide film 24 in high electric field or ultraviolet rays by having considered 
as 6nm or more of thickness and the thermal oxidation film 20nm or less can be 
controlled as mentioned above. 

[0019] On the other hand, when forming an oxide film 24 with a CVD oxide film, the 
property of a semiconductor device is not changed for heat treatment. However, in the 
CVD oxide-film independent case, it turned out that the property fluctuation which 
originates in a hot carrier compared with the thermal oxidation film is large. The CVD 
oxide film which has **** membraneous quality to the thermal oxidation film with 
membraneous quality with this dense is considered to be a through and cone sake in 
more hot electrons. That is, in order for the property of a semiconductor device to be 
stable, it is necessary to form the oxide film 24 in contact with the gate electrode 23 or 
impurity diffused layers 26a and 26b by the thermal oxidation film. 

[0020] Moreover, for the further stabilization of the property of a semiconductor device, 
it turned out that it is effective to make an oxide film 24 into the laminated structure of 
the thermal oxidation film and a CVD oxide film. That is, the thermal oxidation film 
which has dense membraneous quality in the range (6nm or more of thickness, 20nm or 
less) without property fluctuation is formed, a CVD oxide film is formed further, and, 
finally thickness of an oxide film 24 is thickened. For example, if CVD oxide-film 
thickness is set to 20nm or more when thermal oxidation thickness is 8nm, the amount 
of property fluctuation at the time of UV irradiation will almost be lost. In addition, 
when CVD oxide : film thickness is thicker than lOOnm, the configuration of a contact 



hole pars basilaris ossis occipitalis gets worse, or formation of a sidewall spacer (nitride 
25) becomes difficult. If CVD oxide-film thickness is lOOnm or less, it does not produce 
above un-arranging. 

[0021] Therefore, 6rim or more of thickness and thermal oxidation film 20nm or less in 
which the oxide film 24 was formed on the flank of the gate electrode 23, and the 
impurity diffused. layers 26a and 26b of a low concentration source drain, By making it a 
laminated structure with 20nm or more of thickness and the CVD oxide film lOOnm or 
less which were furthermore formed on it The property fluctuation resulting from the 
hot carrier generated in high electric field or ultraviolet rays can be controlled more, 
without producing un-arranging [ that the configuration of a contact hole pars basilaris 
ossis occipitalis gets worse, or formation of a sidewall spacer (nitride 25) becomes 
difficult]. 

[0022] Below, other examples of this invention are explained. Drawing 3 is the sectional 
view of the semiconductor device in other examples of this invention. In drawing 3 , the 
impurity diffused layer from which 31 becomes a nitride as a sidewall spacer and 32 
becomes the low concentration drain of n mold, and 33 are the nitrides as a protective 
coat, and attach the same sign about the same part as other drawing 1 . 
[0023] Although the impurity diffused layers 26a and 26b used as the low concentration 
source and a drain were formed in the same magnitude in the semiconductor device of 
drawing 1 , the semiconductor device of this example shown in drawing 3 forms more 
widely than impurity diffused layer 26a used as the low concentration source the 
impurity diffused layer 32 used as a low concentration drain. Moreover, the nitride 33 
as a protective coat other than the nitride 31 as a sidewall spacer is formed so that the 
impurity diffused layer 32 top used as the low concentration drain formed widely may 
be covered through an oxide film 24. Other configurations are the same as that of 
drawing 1 , and the oxide film 24 is formed by 6nm or more of thickness, and the 
thermal oxidation film 20nm or less. 

[0024] Also in the semiconductor device of drawing 3 , when the thickness of an oxide 
film 24 was changed and ultraviolet rays were irradiated, when the thickness of an 
oxide film 24 was 6nm or less, the. property of a semiconductor device was changed 
notably, and when it was 6nin or more, the property of a semiconductor device was 
hardly changed. This mechanism is as the same as the above-mentioned explanation 
described. Moreover, also in the case of the hot electron by high electric field, it is the 
same although the hot electron was generated by UV irradiation this time. 
[0025] Also in the semiconductor device of this drawing 3 , the property fluctuation 
resulting from the hot carrier generated in high electric field or ultraviolet rays can be 



controlled like the semiconductor device of drawing 1 by having used the oxide film 24 
as 6nm or more of thickness, and the thermal oxidation film 20nm or less. Moreover, if 
an oxide film 24 is made into the laminated structure of 6nm or more of thickness, the 
thermal oxidation film 20nm or less, and the 20nm or more of thickness and the CVD 
oxide film lOOnm or less that were further formed on it, it is the same as that of the 
semiconductor device of drawing 1 that property fluctuation can be controlled more. 
[0026] Moreover, although this example constituted the sidewall spacer from the nitride 
31, it is also the same as when constituted by the CVD oxide film. In addition, although 
the nitride 25 (31) constituted the sidewall spacer from the above-mentioned example, it 
is also the same as when the sidewall spacer which minds with an oxide film and a 
nitride and consists of polish recon is. arranged to the gate ' electrode 23 and impurity 
diffused layers 26a and 26b (32). 

[0027] Moreover, although the above-mentioned example showed the case of an n 
channel mold semiconductor device, the same is said of the case of a p channel mold 
semiconductor device. Moreover, although the above-mentioned example explained the 
semiconductor device of LDD structure, the same is said of the case of the 
semiconductor device of SD structure or FOLD structure. 
[0028] 

[Effect of the Invention] According to this invention, by setting the -thickness of the 
oxide film which consists between a gate electrode, an impurity diffused layer, and a 
nitride as the range of 6nm or more and 20nm or less, the outstanding semiconductor 
device which can control the property fluctuation resulting from a hot carrier can be 
realized, and it contributes to a semiconductor integrated circuit greatly. 
[0029] Moreover, the outstanding semiconductor device which can control the property 
fluctuation resulting from a hot carrier more can be realized, and it contributes to a 
semiconductor integrated circuit greatly because thickness makes the oxide film which 
consists between a gate electrode, an impurity diffused layer, and a nitride the cascade 
screen of the thermal oxidation film (6nm or more and 20nm or less) and a CVD oxide 
film. 

[Brief Description of the Drawings] 

[Drawing l] The sectional view of the semiconductor device in one example of this 
invention. . . 1 

[Drawing 2] The property Fig, in one example of this invention. 

[Drawing 3] The sectional view of the semiconductor device in other examples of this 



invention. 

[Drawing 4] The sectional view of the conventional semiconductor device. 
[Drawing 5] The sectional view of other conventional semiconductor devices. 
[Drawing 6] A property Fig, given in IEDM. 
[Description of Notations] 

21 Semi-conductor Substrate 

22 Insulator Layer 

23 Gate Electrode 

24 Oxide Film 

25 Nitride 

26a The impurity diffused layer used as the low concentration source 
26b The impurity diffused layer used as a low concentration drain 

27 Impurity Diffused Layer Used as High Concentration Source 

28 Impurity Diffused Layer Used as High Concentration Drain 

31 Nitride 

32 Impurity Diffused Layer Used as Low Concentration Drain 

33 Nitride 



[Translation done.] 
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